OTS: 


60-41096 


JPRS:  52 
3  August  i960 


TOWARDS  THE  QUESTION  CONCERNING  THE  EXPANSION  BY  A  SMALL  PARAMETER 
OF  THE  SOLUTION  OF  THE  SYSTEM  OF  EQUATIONS  OF  HYDRO- THERMODYNAMICS 
APPLICABLE  TO  ATMOSPHERIC  PROCESSES 


by  G.  I.  Marchu  and  N.  M.  Kireeva 


-USSR- 


-  4 


rr-  r  £•• 

7.  f;  n 

7  7  yn 

i  •/*! 

=■  i  ■:  ij 
!  h  | 

si  W  Llj  M 

ji  ii 

DISTRIBUTION  STATEMENT  A 

Approved  for  Public  Release 
Distribution  Unlimited 


20000405  214 


_  >, 
E  g- 
o  o 

■a  -2 

O  JO 
O  <0 

■if 

l< 

$  W 
K  <D 

ffi 


Distributed  by: 

OFFICE  OF  TECHNICAL  SERVICES 
U.  S.  DEPARTMENT  OF  COMMERCE 
WASHINGTON  25,  D.  C. 

Price:  $0,75 


U.  S.  JOINT  PUBLICATIONS  RESEARCH  SERVICE 
205  EAST  42nd  STREET,  SUITE  300 
NEW  YORK  17,  N.  Y. 


JPRS;  5203 
CSO:  4603-K 


TOWARDS  THE  QUESTION  CONCERNING  THE  EXPANSION  BY  A  SMALL  PARAMETER 
m  ®sSoB  OP  THE  SY STEM  OF  EQUATIONS  OP  HYDRO-IHEI®iOBYNAMECS 
APPLICABLE  TO  ATMOSPHERIC  PROCESSES 


fThls  is  &  translation  of  an 
in  Trudy,  Inst®  Fiz*  Ataos®, 


article  by  G.I.  Marchuk  end  H.M.  Kireeva, 
1958  (work  done  in  1953) !  CSO:  4603-NJ 


As  the  solutions  of  the  non-linear  system. of  hydrodynamic  equations 
applicable  to  atmospheric  processes  presents  exceptional  difficulties 
of  a  mathematic  character,  usually  they  are  limited  to  the  search  for 
time  derivatives  of  pressure,  temperature  and  the  vertical  velocity  of 
air  particles. 

As  is  well  known  in  the  quasi  geos  trophic  approximation  the  mentions, 
functions  enter  into  the  system  of  differential  equations  linearly  and 
could  be  calculated  for  highly  general  assumptions  relative  to  the 
structure  of  thermobaric  fields  by  methods,  at  present,  geratly  ex¬ 
ploited  [l].  However  the  possibilities  of  using  the  quasi-geostrophic 
approximation  are  restricted  and  frequently  quite  insufficient  for 
describing  the  evolution  of  the  fields  of  meteorological  elements. 

In  the  present  work,  the  authors  set  as  an  aim  the  consistent 
carrying  out  of  I.  A.  Kibel's  idea  concerning  the  possibility  of  the 
expansion  of  the  solution  of  the  general  problem  of  hydro-thermodynamics 
applicable  to  atmospheric  processes  through  degrees  of  a  small  para¬ 
meter,  taking  Into  account  three  dimensions  and  the  vertical  baro- 
clinicity  of  the  atmosphere. 

The  paragraphs  of  articles  1-3  were  written  by  G.  I.  Marchuk, 
paragraph  4  by  N.  M.  Kireeva;  she  also  carried  out  the  calculations  of 


the  influence  functions  £}$  and  jvjL 


)}  I  Formulation  of  the  Problem 

If  the  'X  axis  of  &  Cartesian  coordinate  system  is  directed 
/!/#/.-(•  Ths  l#r;-7i>Q£  ch&cfa*  TZ'i^r.-o  r~J> i  i=.‘}£T,  T'/u-  /  '■* 

along  the  meridians  toward  the  north.  P P j jy  is  vertically  up¬ 

ward,  where  p  is  the  pressure  at  any  height,  while  jd  is  the 
pressure  at  earth’s  surface,  then  the  system  of  hydro -thermodynamic 
equations  applicable  to  atmospheric  processes  takes  the  following  form: 


(1.1) 


du  £ 
rfi  £  «>/ 


-  e  XXJX 
,/  ->X 


‘iX  r  £  77  i  tic  •—  -Xy 

-y  0  ‘i 


dr  £  ' 

it;  v-  AT  -/  -f  4' 


_  Sni*  ^7'T"  **=  ^ 
i?5  J 

_  3  f  X?/, 

/  “  t/  ^  /x/ 


where  X  and  X  are  the  components  of  the  vector  velocity 

of  air  particles,  along  the  X  and,  axes 

£'  is  the  vertical  velocity  relative  to  isobarie  surfaces 
A  ,5=-  constant 

V 

•y  is  the  height  of  isobarie  surfaces  above  sea  level 
/  is  temperature 
Q  is  the  force  of  gravity 
£  is  j?  (j)  sin^Z 

(jJ  is  the  angular  velocity  of  the  earth's  rotation 
is  geographic  latitude 
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/\  is  the  gas  constant 

V  is  the  vertical  gradient  of  temperature, 


'(  J  ,  .  .7 

~j~7  ~  -7-  - ,v 

.ft.  '■  -y  /  ‘Jh 

Let  us  take  into  consideration  non 


■dimensional  quantities,  which 


we  shall  designate  by  the  index  1. 


Let  / 


U  /-  cj  r  ,  { 

1  ’  J  * 


7T- 

<  y  '  jr  v  '?  </'  ' 

.y  /.  -  y  ,y 


u-  t^u 


€f-  7  y  7^  7 

X?  '  * 


is  the  mean  temperature  of  the  atmosphere.  Then  the  hy¬ 


drodynamic  equations  take  the  form. 

t v y  /// 
r  ,  C'-,  .“-t_hL 

c  -r-T  V"  <_  y  J  /• 


(1.2) 


where 


r  dh  r  ’v~  #  -/ --  --'ii ' 
c  cit,  r  f  1 '  Ji  i/ ' 

i,<V  /  /  *)  7  n  /*  -7- 1  o 


77'  v-  77  7  -7‘- 

<>7  '^r 


j  /  C  ■ 

a  n  v 


,  7, 


7  j-  JV 

///7  ~  y  / 


is  a  non-dimenr ’ onal  parameter,  while 


i  _  -  -  7 ...-  Xv-t  /  .  For  standard  atmospheric  conditions  and 

i'V  —  /x 

7  ^  > 

for  mean  latitudes/  the  coefficient  /?/.*  *-8  roughly  equal  to  0.: 


If  we  take  /_  /7  7//  , 

- 7  —  7 3 y /c~ ‘  ,  / ~  /y 


/  /■cm_  /7  , 

—  f' 

.  then  we  obtain  the. 


oi lowing  characteristic  values  for  variations  of  meteorological  element: 

rr  =-  Vll'  =  /C 


-3- 


1  cm/ 

f  of  •*  />cc  , 


which  corresponds  to  a  vertical  velocity  of  J  /i>CC  > 

cv  =  M 
*V  V  J 

Z  “P~  A' 

J 

Frosa  this  estimate  it  folbws,  that  the  considered  characteristic 
scales  <?£  th®  phenoissaA  lead  to  reasonable  order  of  .magnitude  values  of 
the  fsat&orolegic&l  elements ;  for  this  p/~  =■  •=“  /&  s(C,  , 

/  /  K  f  ^ 

while  the  noa-disaneional  parameter  £.  ~  fjy  •*** -ZO 

Pr cm  th®  first  two  equations  of  (1.2) ,  by  cross  differ cat is cion  we 
obtain  the  equation,  which  connects  the  individual  derivative  of  verti- 
eity  with  the  velocity  divergence: 

ci. 3}  e  pfCL  +(*+'£  &  f  c  *■  "  ~*~h  ^  ‘ 


whore 


n  ^  ^  yu 

«»"»*  .£>■*=»  .  y' 

j  ~x  ja 

r>=  M 

U  c>> 


Her*  sad  everywhere  in  the  future,  for  tk®  sake  «£  simplicity  we 
chsll  d*e£  tk*  index  i  for  the  non-dimensional  quantities. 

In  owe  analogous  way,  differentiating  the  first  equation  of  system 
(1.2)  with  respect  to  ~)C  ,  end  the  second  with  respect  to  %  and 

then  adding  them,  wa  obtain  a  new  aquation: 

o.4)  c  j£- - SLt£  JX'i’  £ 1  (rlf  *  v*  ffl*  'Af 


-A- 


where 


n  1-  A  ( &  )  +-A 

1  ttt/ 


\  -  A  2 
A  st  -&  •/•  -— 

,y^  ;t — 

Using  the  shied  equation  of  the  system  (1.2),  one  can  rewrite  (.13) 
and  (1.4)  in  the  following  fora! 


r-!  n  ir  r  (n-  U1--  n  &  ‘h^  H  ) 

~ e'{c  ^  •  ~aW-  «»w  7 


(1.6)  Si- —  A  3 


p  r\  /.„.  C  %{  7  i~  fj 

C-.1  i™  V  {  J  yf  0  A  J ^  0  $  /  ^  yj 


Putting  (1.6)  into  (1.5)  and  neglecting  terms,  the  order  of  mail* 


ness  which  are  higher  than  £  ,  we  obtain 


^  +  Y±7*'g  =-£{&'*  JJ  ~ 

<i-7>  ^  ^  ^ 

where  0(S)  1*  *  symbol,  which  Indicates  the  order  of  magnitude  of 


the  neglected  tertaa. 


1st  vw  resell,  that 


(1.8) 


where 


&  "-■  ~2j  i  pa / 


V  ■=  i3  +  f  K 


f  /.?J 


-s- 


-  -  -  •  -** *  ••  ~y  - - { /'j?/  A"' 

fh  -=  ~j‘r/-/'f  l-y/il't-c  lyztt'-J-v' 

/=>  \ / 

The  solution  of  this  equation  would  permit  the  recovery  of  the 
field  of  vector  velocity  through  the  field  of  the  function  J^7  , 

however  the  exact  integration  of  equation  (l.S*)  is  not  presented  in 
the  present  article  as  a  subject  of  investigation.  For  our  aims ,  it  is 
sufficient  to  state,  that  from  (1.9)  with  an  accuracy  to  small  quanti¬ 
ties  of  first  order  it  follows,  that 


i  i-(j'  J  £  ;[iyM 


where 


and  the  symbol 


l /,  </') 


•i£  ^ 


Therefore,  relation  (1.8)  with  an  accuracy  to  small  quantities  of  second 
order  can  be  rewritten  in  the  form 

ft-  ~~  -/  +  o(sz) 

(1.8 *)  f  , 

y  -  -/  f  ~£~  C  (  £  7  / 

j*  ’ 

Having  (1.8*)  in  this  form,  (1.7)  can  be  brought  to  the  following  form: 
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(1.10) 


•/  f}  - ip / /y  /  -■  l  Jt  V 

-r  Tcf  fj  *  ^  ^  J7  #  +&&Q3  *  1  +  0(0  /y 


where 


77-  ivy  - 

j l  ~~ ~j~ -/  jh 


z  (>v  fX//  $XJ  ' 


Let  us  now  c&» 


(i.U) 


n»t.der  the  equation  of  heat  flux 


c/j'^-r  £ - 

dt  c  s 


te*f  considering  the  hydrostatic  equation  with  *n  accuracy  to  small 


which 


values  of  second  order,  could  be  presented  in  the  following  fora: 

(,u>  ^Wd°[&1 


\  ( ~4 )+ = -{§- '  0  )-£)  lcT$ [  & 

>  f  i  H'J  A  1  Jr'i/ 


Thus,  for  the  determination  of  the  functions  7 )f~ 
obtain  a  system  of  two  partial  differential  equations: 


and  C 


(i.i3)  03  -/  U  ^  B  i-C  B  -A  0(dA  J 

jt 


-IJ7J  )+/»*£  '-r6(€ ') 


£/  t  V  //  I  >  >  >7  «— 

(1.14)  J' f  \  ~jf  J  '  /  il  J  ^ 


~7  ~ 


(1.15) 


Finally,  el  imitating  the  funet 'ion  L  from  equations  (1.13)  anc 
(i„14),  we  obtain  a  second  order  differential  equation  for  the  calcula- 

I 

tion  of  the  function  'y  J. 


(1.16) 


<) 


4  ^  4 


jr 

mi  & 


)iz  ==-  ^ 

+£  ( i%‘ ■  0  V  tv  ^  °[  C 


I,  A.  Kibel's  "first  approximation"  will  follow  from  (1.16)  for  th 
assumption,  that  the  quantity  {ft}  ■  is  the  order  £  >  for  con" 
ditions,  when  (f(,  44  (f 


It  is  immediately  clear,  that  the  principal  and  small  first  order 
terms  in  equation  (1.16)  have  been  delineated  in  an  obvious  form.  For 
the  integration  of  equation  (1.16)  it  is  still  necessary  to  give  the 
boundary  conditions,  which  we  shall  take  in  the  following  form: 


(1.17) 


-8 


Using  the  equation  of  heat  flux,  it  is  possible  to  show,  that,  due 
to  condition  (1.1?)  and  a  quite  natural  assumption  concerning  the  charac¬ 
ter  of  the  thermobar id  fields  in  the  lower  troposphere,  ve  obtain  the 

following  boundary  condition  for  '' '/\  t- 

'  O  L 

( -f r?".  */  )  '-j  s=  /t  j-  X*/L  O  (  a  f  /  / 

(1.18)  1  rr'j 


where 


(1.15) 


/f  (  <)<7  ) 

"7  ' 


Xn  agreement  with  this,  the  solution  of  equation  (1.16)  is  presented 


in  the.  following  fora 


(1.2.0) 


Hi  ‘  io) 

[$l-  JjfB'MUi'l,  r'/JOi^JJjA>Utir'}clP 


(iZ> 

l  p)  ' 

»h.«  )  ““ 

functions  l  i), 


r  - 


d  p  iS  mi  element  of  volume  in  the  Cartesian  system  of  coordinates 

^  ^ >ij  >  \J  ,)  * 

Thus,  the  solution  of  the  problem  is  obtained  by  means  of  formula 
(1.20)  with  an  accuracy  to  quantities  of  second  order  of  smallness. 

It  is  immediately  clear,  that  all  the  unknown  quantities,  which 
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are  contained  in 


A 


ana 


3 


/ 


,  could  be  expressed  through 


(  °%t)o  and  ‘(  ,  obtained  from  the  solution  in  the  first  approxi¬ 


mation. 


However,  due  to  the  fact,  that  the  functions 


efjt 


dtjc 


are  found  from 


[lf  ,  for  the  use  of 

differences,  to  a  considerable  degree,  of  mutually  exclusive  quantities, 
it  is  expedient  to  compute  the  quantities  with  the  help  of  more  stable 
formulas  in  regard  to  the  computation* 


M*  ludin,  using  the  quasi-geostrophic  approximation  of  the 
vector  velocity  of  air  particles  for  the  calculation  of  Z  and  ]/* 
formulated  a  second  order  equation,  which  he  integrated  approximately  wi ti¬ 
the  help  of  the  Tl  O  A,  \/  P p  c5L  /V]  bl  X  method* 

In  the  following  paragraph,  we  shall  obtain  the  general  expression 
for  t*  /  and  j//  in  the  form  of  space  integrals  of  the  functions 
of  the  fields  of  meteorological  elements  with  the  corresponding  influence 
functions . 


II*  Calculation  of  the  functions 
Let  us  look  for  the  functions  (( '  and 


A  J  arid  \A  ' 
l/‘/  in  the  follow- 


(PA 

where  Z  ,  (/  ,  Z~  are  unknown  functions  of  the  fields  of 

meteorological  elements, 

is  the  influence  function,  the  form  of  which  also  must 


-3  0- 


} 


;he  . . ‘  obtained 

■>  / 
d  / 


-r~ 


c'ja 

>U. 

V 


two  equations  (2.4),  we  have: 


/  <*}  £■  \ 


^  yL-  ___  Xi 

^  ^ ;/ 


i  Tid.d  &  X  O  3-  £ 


11 


(2.7) 


III  G,Jp 

ip) 


)  t / 

For  the  calculation  of  Al/  ,  let  us  take  advantage  o£  the  expression 
for  *7)  }  which  in  non-dimensional  quantities  will  have  the  following 


r**  —r- 

(2 .»>  -  ~  £ 


'  A2/> (77^ )  +CC  a*)  +($,. a  /)]-? y>3  lZ  {■  ')Jv 


where 


£  My  is  an  influence  function  til* 
Let  us  differentiate  (2*8)  with  respect  to 


-f  ■ 


Let  us  note,  that 


<*•“»  ^  (h$)'  + 


<} > *T)~ 2 fy  AA -) 1  ''$)} 


Let  us  substitute  (2.10)  into  (2.9): 


(2.11) 


zk fjjQ ,  n.rfjn,  * 


where 


y/,- A  H"i>> 
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Kestt,  putting  (2.11)  into  (2. 7),  ®a  obtain 

<?,§z  ffffi  ( r  ?v, ; r-i  ('?; j  >)  fMs  Jp* 

a.m  ~g~jjJUy'  V/V  u'  '^7J 

tD)  ^ 


/  j  -vVir  j 


from  (2 „  1.2)  it  follows,  that  the  equation  is  satisfied,  if  we  put 


(2,13) 


6" ~  Ms  , 

JJ. -Ip [lT.fr) +$]_  / 


where 


i«  a  new  ustai own.  function. 


jfenasu  with  tha  calculation  of  the  expressions  (2,13)  (£  '  and  K* 


are  written  te«  thin  way 

’  / 


*  «  ^ 


r,j*')'h  jp']  Ms  d-D 


(2,14) 


F-  3*-  -f'"  #/ 


JX  ressnlae  to  determine  the  unknown  functions  end  * 

For  this  purpose,  1st  us  differentiate  the  second  equation  of  (2,14)  with 
respect  to  /C  and  the  first  with  respect  to  *  Then  after  inte¬ 

gration  fey  part*  we  obtains 

— T  \  i  </  „  z'  /  //  /"*  i)  f  T~  -1  )  —  lr  *7  /ivJ  j 


gratien  fey  parts  we  obtains 


(2,15) 


p-j/'F- 

sti/~ 

2.  mi 

Sro-ft 

)-/ 

}/•- 

~C 

Ifd 

„y±- 

).  /  x* 

2Jh 

y 

J  ■{ 

(f 

Ca 

w'u'4ty'  o-/n- 


*  t-  /  /  v 


'  MsJp 
Ms  dp 


Subtracting  /?  0  H  At 


oi  the  equations  cron  tt 


Oi3tZ-a4-i.fi-* 


(2.16) 


dD—c 


Hsra  at  the  same  time  we  assumed  : 


(2.n)  A  /“  a  (< ^  J ’ 


2  Relation  (2.17)  will  he  used  in 
calculation  oi  the  function  • 


the  nactre  of  an  equation  for  the 


^*to  (2.16)  dec.ttH.te.  the  £o»  c£  the  etblttety  £e»etl»  />  = 
Taking  into  account,  that  ■  ^ 


-yf 


we  obtain 

or  with  an  accuracy  to  the  unessential  harmonic  function 


&  o  <4jt 


(2.1&) 


X  jL.  P  *1 

f  ~  i  rs 
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Therefore  the  final  fora  of  the  functions 


{A 1  and  If*  will 


dr.u 


(2,19) 


)/  / 
Tft-zJl 

fP/ 


V  fff/f&  y  ) _ —  M  ^P 

£JJ)L  ly‘(  ’■**''  ?-  Ji  [d/  'J 

(pj  - 

r/y  r/J  *4  )  -  J~  ±  0  )  '/M*  dp 

ffjEPpr)-^  P*'/  J  { 


Graphs  of  the  influence  function  1 1 0  are  given  in  figures  1  ~  4« 

The  characteristics  of  the  influence  function  M.0  ^av  ?  ^ c->«» 

coincide  with  the  characteristics  of  the  function  M3 

did 

III.  Calculation  of  the  function  tf.'t' 

How  it  retrains  to  find  the  formulas,  which  are  convenient  for  the 
calculation  of  the  function  dPr'  .  For  this  purpose,  we  shall  proceed 

'ert~ 

frora  the  relations 


(3*1) 


Has  to  the  fact, that 


(3.2) 


Jl7  »  -  Z  fjfcy  jfo.  '~jA  ^  ^  2  ip'JjJ  2-(K«S  + 

0-z  j(0p)  Jf9  GW//  ^ 


f  ?-/y  ■'L#  j  7  0(£) 

l/y  Pi J  -/  ^ 


jAi2-  _  A-  7  dtP.  vy 
a  t  ’  >  at 


- 15 ~ 


ml -4=* — H=fcj 

r>-„  j  "i 


, 7  4 


\  L.—J  \ 


8  r— j — - r 

j — ?  _ j  j 

.r-+4;  I 

7i  hw~-  v  — '-^s~r - VI* 


fci- 


SvK  v 


1  i 

^ !  X 

M  } 

■i  f 


’"FVJn  !\  'll  ! 1 

tr^vN\i  )  >  i  v 

lifts  A'  *■'  ! 

X  h  V  ^ 

Fig.  1.  Influence  function 
ff,_(i,Q.  /j  ,r) 

.  •  5?  .  ' 

*  S  J  f — [“■"] 

pssshrt-c  Nj  !i  | 

rV-M*^«'4  •  i 

*s  e£tf$ Tf V  [T~f\  j 

1  ‘V  )  >  I  ' 

4  tf  #2  0$  fj 

rl 

Fig».  a«  Influence  function 

M,.  (0*5,  }t  >  ^ 


\  j  -*' !  i£ _ I 

(i6r'S'K'rrtjfr7*~T-  ~1 '  1 

— r  "  i 

— J 

'  0  .  0.2  0,i  0,0  0,8  .0 

r 

Fig.  Z.  Influence  function  !. 
“  .  M  <0,7,  >{  ,r) 


£2  j~-2  /•  ^^3^*3Sxsr‘f5 

f  rt.-3*‘X-5>vvH  "X_  'j  **  **<*  v !  \ 


WT1  j\ 
,jrt,yL4/J 

L— w— I-  /  !  „  •**  1  1 


.7LlLi--±^d _ i 

'  J  <12  0J  9,8  8,2  ^  <0 
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Fig.  4.  Influence" function 

M5(0>M>r) 


- 1  ‘?A 

1 

ST'X  \  ~S0 -20~lB -S-3-2  "OS  sx^  I  X 

b jst±a  ±  j 


'  b  ' 


15a 


therefore 


-fit  !fi*-fifi-fih0t 


/:v  /y 


<)~ 


Consequently,  taking  into  account  the  statement 


YQ-  +  (3,Jl'fi  Zifififi  -hft)  ffryh-fiy.  )- 

-fit  tfi/~ 3w;J  +  0(^ 

In  view  of  the  fact,  that  in  formulas  (1.3)  and  (1.5)  it  follows 
that  we  consider  only  the  principal  parts  of  the  expression 
"'Lfi.J'.y  (x  y  )  ,?  us  consider,,  that 

.->  t  ’  ^ 

(3.4,  + (j ,  fi;J=  z[fi,  rHfi, + fit  fi  firfit  >  • 

-fit  (fi*  -fifi'J 

Therefore,  the  expression  for  yd  and  jfi,  will  now  have 


the  form 


~  / 2 ^  ^  fe ' ////} 'A  l j**  3n  ^ 

(3.5)  - iv  C?/x  "J/i  ^ 7  ^  -f~~?  |-jp  - 

^  y  -2r *2“  s--£-  ?~~3  ~f~  j  t'  i 

-  atns  rf 

In  conclusion,  let  us  perform  some  transformations  of  the  solution, 
obtained  in  f. l],  for  the  purpose  of  bringing  them  to  a  more  convenient 
form  for  practical  use.  Let  us  proceed  from  the  formula  for  the  vertical 


velocities  Llj,  which  is  non-dimensional  quantities  has  die  form 


(3.6>  -(>  -f"  ////-  ft}?*- ? 

tw 

-16- 


/ 

3  «?//y 


Due  to  the  fact,  that 


( 77*  )  +  (~F,  /‘V  < 3,  *  T)  -  ^[fx  ^'^{] 

/  ’•/ 


we  hav&: 

^  7?M‘ 

^  ^  £ 


i  <T,}J  ->-~7  IT,],)  lj!%  o/p 


Ictus 


integrate  by  parts  and  we  obtain: 


?■  Ph' 
i  ■*  IT 


(T,-p ) .v$? dp *  ~L  'JjJ(l'^^ ^  “lp 


or,  taking  into  account  that. 


where 


<LT  j 
JX  Jr'  J/  l 

j/b.-  Jfih  j)jr'  I 

^  J 

irL  y^y'  atL,  rj 

rf  r'  >  y  r' 


ws  obtain: 


o..>  r-  ¥ '-fjjfi ( rpY'-y  '>+<>.3,  % 

uV  f  -/>. 


iJL  ^  <?iD 


r'  Jr' 


ft 


4  fj4r{^rfi 


-t  Vl. 


(3,9) 


A.l^Tr- 


/>y  'hr'" 


f,AzPrhr  '  .  v 

^  /  <?  /  •/ 

«£  =  /<?  ^  </’  ^ 


where 


Using  the  syc&o 


ols  of  the  work  il] }  expression  (3.9)  could  be  written 


in  the  following  fora: 


(3.10) 


r  /  r'j  .1-  (  ,'r  2  f  <*) 

J-.fl  ^  l/l 


y  ~<T'Uy>  f 


,  ;  rr~  rU  2  crR,  r'J  + 

L  J  /P/kL  )*=  J^r  )  d  r-Vr'  ^  / 


„  /  s 


(3.11) 


Let  as  form  the  expression  _ — -  {  ,  f  2  ,  )  , 

iip  \  r  /  J  sf  l  n  i  r  J  -h 

w.  =  ~r'  fr '  *  2_  l  4  v  >7'  .  ,;/ 

■ff-  >r'J'r'fr'V  j 

tike  fact*  that  *  ^  2-  f  $  f  \  J 

!  ")  ,  ,  y  ,;c^//,rV 

^  t  cnv,  rv=  , 

r^r'  ./»'/  «>X  p 

i.  n>  f  c ..  i /i  / //  ... / )  jl  j  /?.  /  x 


Due  to  the  fact,  that 


/  P  -X 
Tjg 


where 


f  ^  ^  /  +  k  * 


y 

[A/ 


,  j  / 

_  .  , ,  jcny,rs/ 

u<  2' r  y  '~  "jy  /y~~y 

Graphs  of  tha  influence  function  are  given  in  figures  5-7. 


(3.12)  * 


^JIj 

iP) 


(r.js 
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It  is  possible  to  obtain  an  analogous  formula  for 


■/  my 


(3.13) 


11  v y  ^  ^  x  ^  ^  ^ 


/y-t'flTTc/P 
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r  's 

IV o  An  example  of  the  calculation  of  and  Z 

The  case  of  12  May  1951  was  considered  in  the  nature  of  an  example 

/  /  - 

of  the  calculation  of  [l  and  //  .  The  synoptic  situation  of  this 

day  was  characterized  by  the  presence  of  an  extensive  cyclone,  situate-, 
in  the  region  between  Kiev  and  Smolensk,  the  cyclonic  axis  of  which  was 
directed  almost  vertically  upward  (figures  8-9) » 

Formulas  (2.13)  were  used  for  the  calculation  of  U  and  p'  , 
due  to  the  sufficiently  smooth  change,  through. the  horizontal,  of  the - 
integrand  function,  which  depends  on  the  specific  distribution  of  the 
fields  of  meteorological  elements  in  comparison  with  the  change  of  the 
influence  function  )/  A  A  ,  the  integration  with  respect to .the  hori¬ 
zontal  was  not  carried  out,  but  the  following  approximate  relation  was 
used: 

/  ;r/  M  v  )  i  2  fj/  j  l/(Abli/{. 

a U*  Vi ' '"(  j  J  JJ  ' 


(4.1)  i  f 

.  /  2/  i-Z  / 

v  =  jx  ye 


■' ffiJ  ,  * fiUU 


where 


Ms; ( f)  /{ )  '  JJ  Ms  t  )zl~ 


(4.2) 


is  the  entire  plane 


For  the  integration  of  the  equation 


Zi/ 


yy;/  y/z  2  2 
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ig.  8. 


Map  of  the  baric  topography.  AX  1000  mb  &t  12  May  1951. 


9.  Map  of 


the  baric  topography.  AT  500  mb  at  12  May  I9h;. 
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relative  to  the  function 


1 


on  all  levels  of  the  atmosphere  an 


approximate  method  of  solution  is  also  used,  which  is  often  discussed 
in  the  literature.  It  consists  in  the  fact,  that  all  scales  of  the 
eoectra  of  meteorological  perturbations  can  be  replaced  oy  some  otxec 
tive  sinusoidal  perturbation  of  a  single  frequency  for  a  wave  length, 
more  characteristic  of  the  short-range  meteorological  phenomena  (4000  lr 
In  this  special  case  the  equations  turn  out  to  be  quite  simple: 


ZK'lfa  fa  )  «£<  /' 


)  , 


r  s~j  y  _ * 

Calculation  of  the  functions  (  p%:/  ppp  \  Jxp 

'll  )  etc.  was  carried  out  by  the  finite 

J  ' 


2 

j'(  V  - 

difference  method,  while  for  the  horizontal  scale  unit,  the  segment  01 
100  km  was  taken;  the  whole  interval  of  change  of  the  functions 
through  the  vertical  were  divided  into  four  parts  by  the  surfaces:  ±0C 


850,  700,  500,  300  mb,. 

The  components  of  the  deviations  of  the  wind  velocity  from  the 
geostrophic  wind  are  present  in  figures  10-19  (the  length  scale  1  cm 
of  the  velocity  arrow  —  .1  **/$<!£*  >,  and  tha  designations  are  in 

duced: 
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AT  500, mb  FiB.  *»•  **»  S&me’ 


/  / 

The  components  ttrt  and  yft  are  related  to  the  factor  of 

the  non-linearity  of  the  baric  fields,  at  the  moment  when  and 

/ 

Vs  ,  generally  speaking,  are  caused  by  the  presence  of  the  diver - 
genes  of  air  particles  in  the  mean  troposphere,.  In  order  to  be  con¬ 


vinced 


of  this,  it  is  sufficient,  by  means  of  equation  (1,2),  to  form 


the  expressions 


Zi  u'* 


(  JtL 

W  j  z  {  Vj 


./ 1  z 


/  j/'y)r 


Z'/  # 


/-£ 

a  (  Z, 


zr  1 


The  analysis  of  the  example  shows,  that  the  components  and 

j/p<  do  not  change  sign  with  height,  and  in  regions  with  a  cyclonic 


pressure  contour  they  furnish  a  negative  contribution  with  respect,  to 


the  gradient  wind,  while  in  regions  with  an  anticyclonlc  contour  -  posi¬ 
tive. 

The  functions  and  j/i  form  a  vector,  which  in  the 

lower  layers  of  the  atmosphere  is  directed,  in  a  cyclonic  formation, 
toward  the  center,  then  passes  through  zero  at  the  mean  level  /  fZtZ-Or 
and  in  the  upper  layers  of  the  atmosphere  is  directed  from  the  center 
to  the  periphery  of  the  cyclone.  The  -opposite  picture  is  observed  for 
formations  of  anticyclonic  character# 
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